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THREE-DIMENSIONAL LAMINATING AND
SHAPING APPARATUS, CONTROL METHOD
OF THREE-DIMENSIONAL LAMINATING

AND SHAPING APPARATUS, AND CONTROL
PROGRAM OF THREE-DIMENSIONAL
LAMINATING AND SHAPING APPARATUS

RELATED APPLICATION

This application 1s an application under 35 U.S.C. 371 of
International Application No. PCT/JP2015/086306 filed on

Dec. 25, 2015, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a three-dimensional lami-
nating and shaping apparatus, a control method of the
three-dimensional laminating and shaping apparatus, and a
control program of the three-dimensional laminating and
shaping apparatus.

BACKGROUND ART

In the above technical field, patent literature 1 discloses a
technique of storing, 1n advance, 1n a powder supply con-
tainer provided in a shaping chamber, a necessary amount of
powder for manufacturing a shaped object.

CITATION LIST

Patent Literature

Patent literature 1: Japanese PCT National Publication
No. 2006-509914

SUMMARY OF THE INVENTION

Technical Problem

The technique described 1n the above literature, however,
cannot shape a three-dimensional shaped object using a
plurality of materials, and cannot implement replenishment
of the materials during shaping unless an apparatus 1is
stopped.

The present invention enables to provide a technique of
solving the above-described problem.

Solution to Problem

One aspect of the present mvention provides a three-
dimensional laminating and shaping apparatus comprising:

a shaping chamber in which a three-dimensional lami-
nated and shaped object 1s shaped;

at least two material spreaders that are provided in the
shaping chamber and spread materials of the three-dimen-
sional laminated and shaped object;

at least two material suppliers that supply the matenals to
the material spreaders;

a controller that controls movements of the material
spreaders and the material suppliers; and

a beam 1rradiator that irradiates the materials with a beam,
wherein the material spreaders and the material suppliers are
respectively paired, and

the controller controls the movements of the material
spreaders and the material suppliers so that each of the
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2

maternial spreaders 1s supplied, at a predetermined timing,
with the material from a paired one of the material suppliers.

Another aspect of the present invention provides a control
method of a three-dimensional laminating and shaping appa-
ratus including

a shaping chamber 1n which a three-dimensional lami-
nated and shaped object 1s shaped,

at least two matenal spreaders that are provided in the
shaping chamber and spread materials of the three-dimen-
sional laminated and shaped object,

at least two material suppliers that supply the materials to
the material spreaders,

a controller that controls movements of the material
spreaders, and

a beam 1rradiator that 1rradiates the materials with a beam,

wherein the material spreaders and the material suppliers
are respectively paired,

the method comprising:

controlling the movements of the matenal spreaders so
that each of the material spreaders 1s supplied, at a prede-
termined timing, with the material from a paired one of the
material suppliers.

Still other aspect of the present invention provides a
control program of a three-dimensional laminating and
shaping apparatus including

a shaping chamber 1n which a three-dimensional lami-
nated and shaped object 1s shaped,

at least two material spreaders that are provided in the
shaping chamber and spread materials of the three-dimen-
sional laminated and shaped object,

at least two material suppliers that supply the materials to

the material spreaders,

a controller that controls movements ol the material
spreaders, and

a beam 1rradiator that 1rradiates the materials with a beam,

wherein the material spreaders and the material suppliers
are respectively paired,

the program for causing a computer to execute a method,
comprising;

controlling the movements of the material spreaders so
that each of the material spreaders 1s supplied, at a prede-
termined timing, with the material from a paired one of the
material suppliers.

Advantageous Effects of Invention

According to the present invention, 1t 1s possible to shape
a three-dimensional shaped object using a plurality of mate-
rials, and also implement replenishment of the materials
during shaping without stopping an apparatus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view showing the arrangement of a three-
dimensional laminating and shaping apparatus according to
the first embodiment of the present imvention;

FIG. 2A 1s a view lor explaining a process of spreading
different types of materials by the three-dimensional lami-
nating and shaping apparatus according to the first embodi-
ment of the present invention;

FIG. 2B 1s a view for explaining the arrangement of a
three-dimensional shaped object shaped by the three-dimen-
sional laminating and shaping apparatus according to the
first embodiment of the present invention;

FIG. 3A 1s a plan view for explaiming the arrangement of
the cartridges of the three-dimensional laminating and shap-



US 10,406,748 B2

3

ing apparatus and a state of the spread of the maternials by the
cartridges according to the first embodiment of the present
imnvention;

FIG. 3B 1s a view for explaining material spread regions
by the cartridges of the three-dimensional laminating and
shaping apparatus according to the first embodiment of the
present mvention;

FIG. 4 1s a view for explaining maternial spread regions by
the cartridges of the three-dimensional laminating and shap-
ing apparatus according to the first embodiment of the
present mvention;

FIG. 5 1s a plan view for explaining another arrangement
of the cartridges of the three-dimensional laminating and
shaping apparatus according to the first embodiment of the
present ivention;

FIG. 6A 1s a flowchart for explaining the material spread-
ing procedure of the three-dimensional laminating and shap-
ing apparatus according to the first embodiment of the

present ivention;

FIG. 6B 1s a flowchart for explaining the material spread-
ing procedure of the three-dimensional laminating and shap-
ing apparatus according to the first embodiment of the
present mvention;

FIG. 6C 1s a flowchart for explaining the material spread-
ing procedure of the three-dimensional laminating and shap-
ing apparatus according to the first embodiment of the
present ivention;

FIG. 6D 1s a flowchart for explaining the material spread-
ing procedure of the three-dimensional laminating and shap-
ing apparatus according to the first embodiment of the
present mvention;

FIG. 7A 1s a view for explaining the arrangement of
material suppliers of the three-dimensional laminating and
shaping apparatus according to the first embodiment of the
present mvention;

FIG. 7B 1s a view for explaiming the arrangement of each
material supplier of the three-dimensional laminating and
shaping apparatus according to the first embodiment of the
present ivention;

FIG. 8A 15 a view for explaining a state of material supply
by each matenal supplier of the three-dimensional laminat-
ing and shaping apparatus according to the first embodiment
of the present invention;

FIG. 8B 1s a view for explaining a state of material supply
by each material supplier of the three-dimensional laminat-
ing and shaping apparatus according to the first embodiment
of the present invention;

FIG. 8C 1s a view for explaining a state of material supply
by each material supplier of the three-dimensional laminat-
ing and shaping apparatus according to the first embodiment
of the present invention;

FIG. 8D 1s a view for explaining a state of material supply
by each matenal supplier of the three-dimensional laminat-
ing and shaping apparatus according to the first embodiment
of the present invention;

FIG. 9 1s a view for explaining the arrangement of a
material supplier of a three-dimensional laminating and
shaping apparatus according to the second embodiment of
the present invention;

FIG. 10 1s a view for explaining the arrangement of a
material supplier of a three-dimensional laminating and
shaping apparatus according to the third embodiment of the
present invention; and

FIG. 11 1s a block diagram showing the arrangement of a
three-dimensional laminating and shaping apparatus accord-
ing to the fourth embodiment of the present invention.
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4
DESCRIPTION OF TH.

(L]

EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail with reference to the drawings. It
should be noted that the relative arrangement of the com-
ponents, the numerical expressions and numerical values set
forth 1n these embodiments do not limit the scope of the
present invention unless 1t 1s specifically stated otherwise.

First Embodiment

A three-dimensional laminating and shaping apparatus
100 according to the first embodiment of the present mnven-
tion will be described with reference to FIG. 1. FIG. 1 1s a
view for explaining the arrangement of the three-dimen-
sional laminating and shaping apparatus 100 according to
this embodiment. Note that i1n FIG. 1, to avoid the view from
becoming complicated, components other than those shown
in FIG. 1 are not illustrated, as needed. The three-dimen-
sional laminating and shaping apparatus 100 1s an apparatus
for shaping a three-dimensional laminated and shaped object
180 by spreading a material 170 of the three-dimensional
laminated and shaped object 180 on a shaping surface 160,
melting and soliditying the material 170 by wrradiating the
spread material 170 with an electron beam 151 or the like,
and laminating the material 170.

As shown 1n FIG. 1, the three-dimensional laminating and
shaping apparatus 100 includes a chamber 101, cartridges
102, material suppliers 103, a laminating and shaping con-
troller 104, and a beam 1rradiator 105. The chamber 101 1s
a shaping chamber 1n which the three-dimensional laminated
and shaped object 180 1s shaped. Various equipments nec-
essary for shaping the three-dimensional laminated and
shaped object 180 are provided 1n the chamber 101.

Each cartridge 102 serves as a material spreader that
spreads the material 170 of the three-dimensional laminated
and shaped object 180 on the shaping surface 160. In this
embodiment, four cartridges 102 are provided. That 1s, there
are provided four cartridges 102 including a cartridge (first
cartridge) 121, a cartridge (second cartridge) 122, a cartridge
(third cartridge) 123, and a cartridge (fourth cartridge) 124.

Each cartridge 102 1s fixed to a cartridge holder as an arm
for holding the cartridge 102. That 1s, the cartridge 121 1s
attached to a cartridge holder 125 (first cartridge holder).
Similarly, the cartridge 122 1s attached to a cartridge holder
126 (second cartridge holder). Furthermore, the cartridge
123 1s attached to a cartridge holder 127 (third cartridge
holder), and the cartridge 124 1s attached to a cartridge
holder 128 (fourth cartridge holder).

The cartridge holders 125, 126, 127, and 128 are attached
to a Y-direction stage 162.

The Y-direction stage 162 1s attached onto an X-direction
stage 161, and moves 1n the Y direction on the X-direction
stage 161. The X-direction stage 161 1s attached to an
X-direction rail 163, and moves 1n the X direction along the
X-direction rail 163.

For example, the cartridge 121 can move to an arbitrary
position on the shaping surface 160 when the X-direction
stage 161 and the Y-direction stage 162 move independently
of each other. Furthermore, the cartridge holder 125 can
move 1n the X direction independently of the movement of
the X-direction stage 161. For example, the cartridge 121
can largely move 1n the X direction using the X-direction
stage 161, and can be finely moved by moving the cartridge
holder 125. That 1s, to largely move the cartridge 121, the
cartridge 121 1s moved using the X-direction stage 161. To
finely move the cartridge 121, the cartridge 121 1s moved
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using the cartridge holder 125. This can freely control the
movement of the one cartridge 121. The same applies to the
remaining cartridges 122, 123, and 124.

The cartridges 102 may be filled with the same type of
material 170 or different types of materials 170. Alterna-
tively, some cartridges 102 may be filled with the same type
of material 170, and the remaining cartridges 102 may be
filled with the different types of materials 170, respectively.
The materials 170 with which the cartridges 102 are filled
can be freely selected in accordance with the property and
characteristic of the three-dimensional laminated and shaped
object 180 to be shaped.

The material suppliers 103 are provided on the side wall
of the chamber 101. In this embodiment, the four material
suppliers 103 1n total are provided. Each maternial supplier
103 supplies the material 170 to the cartridge 102 to be
paired. That 1s, a material supplier 131 (first material sup-
plier) 1s paired with the cartridge 121, and supplies the
material 170 to the cartridge 121. Similarly, a material
supplier 132 (second material supplier) 1s paired with the
cartridge 122, and supplies the material 170 to the cartridge
122. A matenial supplier 133 (third maternial supplier) 1s
paired with the cartridge 123, and supplies the material 170
to the cartridge 123. Furthermore, a material supplier 134
(fourth material supplier) 1s paired with the cartridge 124,
and supplies the material 170 to the cartridge 124.

The controller 104 controls the operation of the overall
three-dimensional laminating and shaping apparatus 100
and the like. The controller 104 1s connected to a cartridge
position controller 141, a cartridge controller 142, a beam
controller 143, and a material supply controller 144. The
controller 104 1s also connected to a shaping data storage
145. The controller 104 transmits a control signal to each of
the cartridge position controller 141, cartridge controller
142, beam controller 143, and material supply controller
144.

For example, the controller 104 receives shaping data of
the three-dimensional laminated and shaped object 180 from
the shaping data storage 145, generates a shaping schedule
based on the received shaping data, and transmits a control
signal to each of the controllers 141, 142, 143, and 144.
Upon recerving the control signal transmitted from the
controller 104, each of the controllers 141, 142, 143, and 144
executes control based on the received control signal.

The cartridge position controller 141 controls the X-di-
rection stage 161, the Y-direction stage 162, and the car-
tridge holder 125, 126, 127, and 128 to move each cartridge
102 to a predetermined position on the shaping surface 160.
When each cartridge 102 moves to the predetermined posi-
tion on the shaping surface 160, the cartridge controller 142
spreads the material 170 to be spread by an amount to be
spread at the predetermined position. Upon completion of
the spread of the matenial 170 by each cartridge 102, the
beam controller 143 controls the beam irradiator 105 to
irradiate the material 170 with the beam 151. When all the
material 170 stored in each cartridge 102 1s spread and the
cartridge 102 becomes empty, the material supply controller
144 replenishes the cartridge 102 with the material 170 by
supplying a necessary amount of the material 170 to the
cartridge 102. In addition, when the remaiming amount of the
material 170 stored 1n each cartridge 102 becomes equal to
or smaller than a predetermined amount, the material supply
controller 144 may replenish the cartridge 102 with the
material 170 by supplying a necessary amount of the mate-
rial 170 to the cartridge 102. Each cartridge 102 may be
replenished with a replenishment amount of the material 170
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corresponding to the allowable storage amount of the car-
tridge 102, or a predetermined amount of the material 170.

Note that the material 170 1s represented by a metal
powder or the like. However, the material 170 1s not limited
to this, and a resin, a liquid, or the like may be used. This
embodiment has explained the example in which the number
of cartridges 102 is four. The number of cartridges 102 may
be two, three, or five or more. In this case, the number of
material suppliers 103 may be two, three, or five or more in
correspondence with the number of cartridges 102. The
beam 1351 emitted by the beam irradiator 103 1s an electron
beam, laser beam, or 1on beam, but 1s not limited to them.
Furthermore, the beam 151 may be a continuous beam or
pulse beam.

FIG. 2A 1s a view for explaining a process of spreading
different materials by the three-dimensional laminating and
shaping apparatus 100 according to this embodiment. This
example assumes that the three-dimensional laminating and
shaping apparatus 100 shapes the three-dimensional lami-
nated and shaped object 180 of a star shape. As shown in
170a, the three-dimensional laminating and shaping appa-
ratus 100 spreads a material (first material) 171 on the
shaping surface 160. The material 171 1s spread on a region
outside the star shape. In this state, therefore, the material
171 1s spread over the shaping surface 160 except for a
region 1nside the star shape. The material 171 1s spread on
the region which 1s not wrradiated with the beam 131, and
serves as a support material of the three-dimensional lami-
nated and shaped object 180 to be finally shaped. Since the
material 171 1s finally removed, a matenial of a relatively
low cost 1s used as the material 171. For example, artificial
quartz, iron, or the like 1s used but the present invention 1s
not limited to 1it. Furthermore, the material 171 may be
spread using the cartridge 102 including a nozzle portion of
a relatively large diameter, for example, the cartridge 121.

As shown 1n 1705, the three-dimensional laminating and
shaping apparatus 100 spreads materials 172 and 173. The
material 172 1s spread on a lower lett region of the star shape
and the material 173 1s spread on an upper right region of the
star shape. The materials 172 and 173 are spread on the
regions having a boundary, except for the region on which
the material 171 has been spread. That 1s, the materials 172
and 173 are spread on a shaping region in which the
three-dimensional laminated and shaped object 180 1s
shaped. The materials 172 and 173 may be accurately spread
using the cartridges 102 each including a nozzle portion of
a relatively small diameter, for example, the cartridges 122
and 123. The three-dimensional laminating and shaping
apparatus 100 melts and solidifies the materials 172 and 173
by 1rradiating them with the beam 151, thereby completing
laminating of one layer. Upon completion of laminating of
one layer, the shaping surface 160 1s moved down by one
layer, and the materials 171, 172, and 173 are repeatedly
spread, as shown 1n 170a and 1705.

After all laminating processes are completed by repeating
the above process, the material 171 1s all removed to
complete the three-dimensional laminated and shaped object
180, as shown 1n 170c.

FIG. 2B 1s a view for explaining the arrangement of the
three-dimensional laminated and shaped object 180 shaped
by the three-dimensional laminating and shaping apparatus
100 according to this embodiment. In 180a shows a plan
view, and 180b and 180c¢ respectively show perspective
views. As shown 1n 180a and 1805, the three-dimensional
laminated and shaped object 180 1s formed by including a
shaped object 182 made of the material 172 and a shaped
object 183 made of the material 173. As shown 1 180c¢, a




US 10,406,748 B2

7

boundary 184 between the shaped objects 182 and 183 can
have an inclined structure by appropriately changing the

concentrations of the materials 172 and 173 near the bound-
ary 184.

FIG. 3A 1s a plan view for explaining the arrangement of 53

the cartridges of the three-dimensional laminating and shap-
ing apparatus and a state of the spread of the materials by the
cartridges according to this embodiment. FIG. 3B 15 a view
for explaining the material spread regions by the cartridges
of the three-dimensional laminating and shaping apparatus
according to this embodiment. FIG. 4 15 a view for explain-
ing the material spread regions by the cartridges of the
three-dimensional laminating and shaping apparatus accord-
ing to this embodiment.

Consider, for example, a case 1n which the two different
materials 172 and 173 are spread and contact each other at
a boundary 174 at an arbitrary angle (0). If the relative
positions of the cartridges 122 and 123 are fixed, and the
cartridges 122 and 123 are moved 1n the 0 direction, the
boundary 174 between the spread materials 172 and 173 1s
formed.

The cartridges 122 and 123 are moved 1n the 0 direction
by simultaneously moving the X-direction stage 161 and the
Y-direction stage 162 at speeds cos 0 and sin 0, respectively.

As shown 1n FIG. 3B, the cartridges 122 and 123 respec-
tively spread the materials in circular shapes, each having a
radius r, of the spread materials 172 and 173. In this state,
if the cartridges 122 and 123 are moved 1n the 0 direction,
lines (or bands), each having a width 2r, of the spread
materials 172 and 173 are formed. When a boundary 175
(the spread material 172) and a boundary 176 (the spread
material 173), which are formed by spreading the materials
172 and 173 from the cartridges 122 and 123, respectively,
coincide with each other, the boundary 174 between the two
different materials 172 and 173 shown in FIG. 3 A 1s formed.

When AX and Da respectively represent the distances in
the X and Y directions between the centers of the cartridges
122 and 123, 0 represents an angle from the X direction, and
Ds represents the distance between the boundaries 175 and
176, AX 1s expressed by a function of Ds and 0, and given
by:

AX=F(Ds,0)=(Da/tan 0)-((Ds+2r)/sin O) (1)

Therefore, 11 the materials 172 and 173 are spread from
the cartridges 122 and 123 by setting Ds=0, the boundary
174 1s created while the boundaries 175 and 176 are in
contact with each other. If, similarly, the cartridges 122 and
123 are moved 1n the O direction and the materials 172 and
173 are spread by setting Ds=4r, the line (band) of the spread
material 172 and the line (band) of the spread material 173
can be spread, as shown in FIG. 4. By generalizing this
procedure and setting Ds=4(n-1)r for n=1, 2, 3, . . .,
AX=AX(n) can be obtained where n represents the number
of times the cartridges 122 and 123 are moved (the car-
tridges 122 and 123 execute scans). The procedure 1s con-
tinued until the spread ends.

FIG. 5 1s a plan view for explaining another arrangement
of the cartridges of the three-dimensional laminating and
shaping apparatus 100 according to this embodiment. If the
cartridge holders 126 and 127 have enough lengths in the X
direction to cover the width 1n the X direction of the shaping
surface 160, the X-direction rail 163 becomes unnecessary,
as shown in FIG. 5. That 1s, 1if the arms of the cartridge
holders 126 and 127 have enough lengths, even if the
X-direction stage 161 1s fixed, 1t 1s possible to perform the
same operation without moving the X-direction stage 161
along the X-direction rail 163. In this case, the cartridges
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122 and 123 are moved 1n the X direction using the cartridge
holders 126 and 127. That 1s, the cartridges 122 and 123 are
moved 1n the X direction by adjusting the lengths of the arms
of the cartridge holders 126 and 127, that 1s, by extending/
retracting the arms. Note that the case in which the boundary
between the spread matenals 1s linear has been explained
above. However, it 15 also possible to form a boundary by a
curve of an arbitrary shape by changing the angle 0 and
moving the cartridges 102.

FIG. 6 A 1s a tlowchart for explaining the material spread-
ing procedure of the three-dimensional laminating and shap-
ing apparatus 100 according to this embodiment. In step
S601, the three-dimensional laminating and shaping appa-
ratus 100 spreads the material 171 on a non-irradiation
region of the beam 151 on the shaping surface 160. That 1s,
the three-dimensional laminating and shaping apparatus 100
spreads the material 171 serving as a support material on a
predetermined region. In step S603, the three-dimensional
laminating and shaping apparatus 100 spreads the plural
types of materials 172 and 173 on an 1rradiation region of the
beam 151 on the shaping surface 160. That 1s, the three-
dimensional laminating and shaping apparatus 100 spreads
the materials 172 and 173 of the three-dimensional lami-
nated and shaped object 180 on a predetermined region. In
step S605, the three-dimensional laminating and shaping
apparatus 100 melts and solidifies the materials 172 and 173
by 1rradiating them 1n the irradiation region of the beam 151
with the beam 151, thereby shaping the three-dimensional
laminated and shaped object 180.

FIG. 6B i1s a flowchart for explaining the maternial spread-
ing procedure (step S601) of the three-dimensional laminat-
ing and shaping apparatus according to this embodiment. In
step S611, the three-dimensional laminating and shaping
apparatus 100 creates a spread plan of the material 171 to be
spread on the region which 1s not 1irradiated with the beam
151. The laminating and shaping controller 104 acquires the
shaping data of the three-dimensional laminated and shaped
object 180 from the shaping data storage 145, and creates,
based on the acquired shaping data, the spread plan of the
material 171 to be spread on the region (beam non-irradia-
tion region) which 1s not irradiated with the beam 151. The
spread plan includes, for example, a spread timing of the
material 171 by the cartridge 121 and a replenishment
timing of the material 171 from the material supplier 131.

In step S613, 1n accordance with the created spread plan,
the three-dimensional laminating and shaping apparatus 100
spreads the material 171 on the region which 1s not irradiated
with the beam 151. In this case, for example, the laminating
and shaping controller 104 transmits a control signal accord-
ing to the created spread plan to each of the cartridge
position controller 141, the cartridge controller 142, the
material supply controller 144, and the like. Upon receiving
the control signal, each of the cartridge position controller
141, the cartridge controller 142, the material supply con-
troller 144, and the like controls the movement of each
cartridge 102 and the like so as to perform an operation
according to the spread plan. That 1s, the material 171 1s
spread by causing the cartridge 121 storing the material 171
to execute a scan on the shaping surface 160.

If the cartridge 121 passes through the 1rradiation region
of the beam 151 during the spread of the material 171, 1t
stops the spread of the maternial 171. If the spread 1s
interrupted for replenishment of the material 171 after all the
material 171 stored in the cartridge 121 1s spread or a
predetermined amount of the material 171 1s spread, the
spread of the material 171 1s restarted from the interrupt
position at which the spread has been interrupted.
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In step S6135, the cartridge controller 142 of the three-
dimensional laminating and shaping apparatus 100 deter-
mines whether the remaining material amount 1n the car-
tridge 121 1s equal to or larger than a lower limit. If the
remaining material amount 1s equal to or larger than the
lower limit, the three-dimensional laminating and shaping
apparatus 100 continues spreading the material 171. If the
remaining material amount 1s not equal to or larger than the
lower limit, that 1s, the remaining material amount 1s smaller
than the lower limit, the three-dimensional laminating and
shaping apparatus 100 advances to step S621.

In step S621, the three-dimensional laminating and shap-
ing apparatus 100 stops (interrupts) the spread of the mate-
rial 171, and stores the position of the cartridge 121 on the
shaping surface 160. In step S623, the three-dimensional
laminating and shaping apparatus 100 moves the cartridge
121 to a material supply position, that is, a position below
the material supplier 131. The laminating and shaping
controller 104 of the three-dimensional laminating and shap-
ing apparatus 100 controls the material supply controller 144
to supply the material 171 from the material supplier 131 to
the cartridge 121, thereby replenishing the cartridge 121
with the material 171. The replemishment amount of the
material 171 may be an amount up to the upper limit of the
remaining material amount of the cartridge 121 or a neces-
sary amount for the rest of the spread of the matenal.

In step S617, the three-dimensional laminating and shap-
ing apparatus 100 determines whether the created spread
plan has ended. If 1t 1s determined that the spread plan has
not ended, the three-dimensional laminating and shaping
apparatus 100 repeats the processes in step S613 and sub-
sequent steps; otherwise, the three-dimensional laminating
and shaping apparatus 100 returns the cartridge 121 to the
material supply position as the position below the material
supplier 131, replenishes the cartridge 121 with the material
171 up to the upper limit of the remaining material amount,
and makes the cartridge 121 stand by until next shaping
starts.

FIG. 6C 1s a flowchart for explaining the material spread-
ing procedure (step S603) of the three-dimensional laminat-
ing and shaping apparatus according to this embodiment. In
step S631, the three-dimensional laminating and shaping
apparatus 100 creates a spread plan of the materials 172 and
173 to be spread on the region which 1s 1rradiated with the
beam 151. The laminating and shaping controller 104
acquires the shaping data of the three-dimensional laminated
and shaped object 180 from the shaping data storage 145,
and creates, based on the acquired shaping data, the spread
plan of the materials 172 and 173 to be spread on the region
(beam 1rradiation region) which 1s irradiated with the beam
151. The spread plan includes, for example, the spread
timings of the materials 172 and 173 by the cartridges 122
and 123, and the replemishment timings of the materials 172
and 173 from the material suppliers 132 and 133.

In step S633, 1n accordance with the created spread plan,
the three-dimensional laminating and shaping apparatus 100
spreads the materials 172 and 173 on the region which 1s
irradiated with the beam 151. In this case, for example, the
laminating and shaping controller 104 transmits a control
signal according to the created spread plan to each of the
cartridge position controller 141, the cartridge controller
142, the material supply controller 144, and the like. Upon
receiving the control signal, each of the cartridge position
controller 141, the cartridge controller 142, the material
supply controller 144, and the like controls the movements
of the cartridges 122 and 123 and the like so as to perform
an operation according to the spread plan. That 1s, the
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maternials 172 and 173 are spread by causing each of the
cartridges 122 and 123 storing the materials 172 and 173 to
execute a scan on the shaping surface 160.

If the cartridges 122 and 123 pass through the non-
irradiation region of the beam 151 during the spread of the
materials 172 and 173, respectively, they stop the spread of
the materials 172 and 173. It the spread is interrupted for
replemishment of the materials 172 and 173 after all the
materials 172 and 173 stored in the cartridges 122 and 123
are spread or a predetermined amount of the material 172,
173 1s spread, the spread of the materials 172 and 173 1s
restarted from the interrupt positions at which the spread has
been interrupted.

In step S635, the cartridge controller 142 of the three-
dimensional laminating and shaping apparatus 100 deter-
mines whether the remaining material amount in each of the
cartridges 122 and 123 i1s equal to or larger than the lower
limat. If the remaining material amount 1s equal to or larger
than the lower limit, the three-dimensional laminating and
shaping apparatus 100 continues spreading the materials 172
and 173. If the remaining material amount 1s not equal to or
larger than the lower limat, that 1s, the remaining material
amount 1s smaller than the lower limit, the three-dimen-
sional laminating and shaping apparatus 100 advances to
step S641.

In step S641, the three-dimensional laminating and shap-
ing apparatus 100 stops (interrupts) the spread of the mate-
rials 172 and 173, and stores the positions of the cartridges
122 and 123 on the shaping surface 160. In step S643, the
three-dimensional laminating and shaping apparatus 100
respectively moves the cartridges 122 and 123 to material
supply positions, that 1s, positions below the material sup-
pliers 132 and 133. The laminating and shaping controller
104 of the three-dimensional laminating and shaping appa-
ratus 100 controls the material supply controller 144 to
supply the materials 172 and 173 from the material suppliers
132 and 133 to the cartridges 122 and 123, thereby replen-
ishing the cartridges 122 and 123 with the materials 172 and
173, respectively. The replemishment amounts of the mate-
rials 172 and 173 may be amounts up to the upper limits of
the remaining material amounts of the cartridges 122 and
123 or necessary amounts for the rest of the spread of the
materials.

In step S637, the three-dimensional laminating and shap-
ing apparatus 100 determines whether the created spread
plan has ended. I1 1t 1s determined that the spread plan has
not ended, the three-dimensional laminating and shaping
apparatus 100 repeats the processes 1n step S633 and sub-
sequent steps; otherwise, the three-dimensional laminating
and shaping apparatus 100 returns the cartridges 122 and
123 to the material supply positions as the positions below
the material suppliers 132 and 133. The three-dimensional
laminating and shaping apparatus 100 replenishes the car-
tridges 122 and 123 with the materials 172 and 173 up to the
upper limits of the remaining material amounts, respectively,
and makes the cartridges 122 and 123 stand by until next
shaping starts.

FIG. 6D 1s a tlowchart for explaining the material spread-
ing procedure (step S605) of the three-dimensional laminat-
ing and shaping apparatus according to this embodiment. In
step S651, the three-dimensional laminating and shaping
apparatus 100 melts and solidifies the materials 172 and 173
by 1rradiating them in the beam 1wrradiation region with the
beam 151, thereby shaping the three-dimensional laminated
and shaped object 180.

FIG. 7A 1s a view for explaining the arrangement of the
material suppliers of the three-dimensional laminating and
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shaping apparatus according to this embodiment, and 1s a
front view when viewed from the side of the chamber 101.
The matenal suppliers 103 include a plurality of material
suppliers, that 1s, the material supplier 131 (first material
supplier), material supplier 132 (second material supplier),
material supplier 133 (third material supplier), and matenal
supplier 134 (fourth material supplier).

FIG. 7B 1s a view for explaiming the arrangement of each
material supplier of the three-dimensional laminating and
shaping apparatus according to this embodiment, and 1s a
schematic side sectional view showing the material supplier
131. The material supplier 131 1s attached to a chamber wall
111 of the chamber 101, and includes a material storage 701,
an mtermediate material storage 702, and valves 703, 704,
and 705. The chamber 101 1s evacuated. Note that the
cartridge 121 will be exemplified here but the same applies
to the remaining cartridges 122, 123, and 124.

In the chamber 101, the cartridge 121 that spreads the
material 171 on the shaping surface 160 exists above the
shaping surface 160, and 1s held by the cartridge holder 125.
Since the cartridge holder 125 1s attached to the Y-direction
stage 162 (not shown), and the Y-direction stage 162 1s
attached to the X-direction stage 161, the material 171 can
be two-dimensionally spread on the shaping surface 160.
The cartridge 121 can store a predetermined amount of the
material 171. However, the cartridge 121 cannot store a
necessary amount of the material 171 for shaping the
three-dimensional laminated and shaped object 180, and
needs to be supplied with a shortage of the material 171, as
needed.

In the material supplier 131, the material storage 701 1s
provided upstream, and the intermediate material storage
702 1s provided downstream of the material storage 701. The
valve 703 (first valve) 1s provided between the material
storage 701 and the intermediate material storage 702, and
connection or disconnection between the material storage
701 and the intermediate maternal storage 702 can be con-
trolled by controlling opening/closing of the valve 703.

If the valve 703 1s opened, the material 171 stored 1n the
maternial storage 701 drops downward, thereby making 1t
possible to supply the material 171 to the intermediate
material storage 702. Note that since the lower portion
(bottom portion) of the material storage 701 has a tapered
shape, the material 171 naturally drops downward by its own
weight by only opening the valve 703, thereby making 1t
possible to supply the material 171 to the intermediate
material storage 702.

Although an upper portion of the material storage 701 has
a hole for external replenishment of the material 171, this
hole 1s generally sealed by a sealing cover 711. For example,
an introduction pipe for introducing an inert gas such as
nitrogen (N, ) 1s attached to the material storage 701, and the
inert gas can be mtroduced by opening/closing an opening/
closing valve 760. The maternial storage 701 1s generally
filled with the 1nert gas such as nitrogen to prevent contami-
nation of the stored material 171.

The intermediate material storage 702 1s provided 1n an
exchange chamber 740, and temporarily stores the material
171 supplied from the material storage 701. Similarly to the
material storage 701, since a lower portion (bottom portion)
of the intermediate material storage 702 has a tapered shape,
the material 171 can be supplied to the cartridge 121 by
controlling opening/closing of each of the valves 704 and
705.

A pipe for mtroducing an inert gas such as nitrogen 1s
attached to the intermediate material storage 702, and the
inert gas can be introduced to the intermediate material
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storage 702 by opeming/closing an opening/closing valve
770. An evacuation pipe 1s also attached to the intermediate
material storage 702, and the intermediate material storage
702 can be evacuated by opening/closing an opening/closing
valve 780. The material 171 temporarily stored in the
intermediate material storage 702 naturally drops downward
by its own weight by opening the valves 704 and 705,
thereby making it possible to supply the material 171 to the
cartridge 121.

Material supply by the material supplier 131 of the
three-dimensional laminating and shaping apparatus 100
according to this embodiment will be described with refer-
ence to FIGS. 8A to 8D. FIGS. 8A to 8D are views each for
explaining a state of material supply by each material
supplier of the three-dimensional laminating and shaping
apparatus according to this embodiment. Note that the
material supplier 131 will be exemplified here but the same
applies to the remaining maternial suppliers 132, 133, and
134.

As shown 1n FIG. 8A, 1n a state in which the cartridge 121
has spread a predetermined amount of the material 171 on
the shaping surface 160, the material storage 701 1s filled
with the inert gas. In this state, the intermediate material
storage 702 stores no material 171. All of the valves 703,
704, and 705 are closed. Furthermore, the opening/closing
valves 760 and 770 are open, and the opening/closing valve
780 1s closed. Therefore, since the opening/closing valves
760 and 770 are open, the matenial storage 701 and the
intermediate material storage 702 have the same atmo-
sphere.

As shown 1n FIG. 8B, if the valve 703 1s opened, the
material 171 stored in the material storage 701 drops down-
ward, and 1s supplied to the intermediate material storage
702, thereby replenishing the intermediate material storage
702 with a necessary amount of the material 171.

As shown 1n FIG. 8C, the valve 703 1s closed to stop
supplying the material 171, and the opening/closing valve
780 1s opened to evacuate the exchange chamber 740. The
exchange chamber 740 1s continuously evacuated until the
degree of vacuum of the exchange chamber 740 becomes
equal to that of the chamber 101.

As shown 1n FIG. 8D, 1t evacuation of the exchange
chamber 740 1s complete and the degree of vacuum of the
exchange chamber 740 1s equal to that of the chamber 101,
the valves 704 and 705 are opened. Then, the material 171
stored 1n the intermediate material storage 702 drops down-
ward by its own weight, and 1s supplied to the cartridge 121
which stands by at a cartridge standby position 750. Even if
the cartridge 121 has a small allowable amount of the
material 171, 1t 1s possible to replenish the cartridge 121
with the material 171, as needed, and thus shape the three-
dimensional laminated and shaped object 180.

Note that the exchange chamber 740 may be evacuated
while the cartridge 121 spreads the material 171. It 1s
possible to shorten the shaping time of the three-dimensional
laminated and shaped object 180 by replenishing the inter-
mediate matenal storage 702 with the material 171 and
evacuating the exchange chamber 740 while the cartridge
121 spreads the material 171.

According to this embodiment, 1t 1s possible to shape a
three-dimensional shaped object using a plurality of differ-
ent materials, and implement replenishment of the materials
during shaping without stopping the apparatus. If the num-
ber of cartridges 1s increased, 1t 1s possible to execute
multicolored printing in correspondence with the number of
cartridges. In addition, since the intermediate material stor-
age 1s provided in the material supplier, and 1ts degree of
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vacuum 1s set 1 advance to be equal to that of the chamber
by performing atmosphere adjustment, it 1s possible to shape
a three-dimensional laminated and shaped object without
stopping the operation of the three-dimensional laminating
and shaping apparatus, thereby shortening the shaping time.

Second Embodiment

A three-dimensional laminating and shaping apparatus
according to the second embodiment of the present inven-
tion will be described with reference to FIG. 9. FIG. 9 1s a
view for explaining the arrangement of a material supplier of
the three-dimensional laminating and shaping apparatus
according to this embodiment. The three-dimensional lami-
nating and shaping apparatus according to this embodiment
1s different from that according to the first embodiment 1n

that a bottle 1s included. The remaining components and
operations are the same as those in the first embodiment.
Hence, the same reference numerals denote the same com-
ponents and operations, and a detailed description thereof
will be omuitted.

A material supplier 931 includes a bottle 901. For
example, if a necessary amount of a material 171 for shaping
a three-dimensional laminated and shaped object 180 1is
stored 1n the bottle 901, 1t 1s not necessary to newly replenish
a material storage 701 with the material 171 during shaping.

According to this embodiment, since the bottle 1s pro-
vided 1n the material supplier, it 1s possible to continuously
supply a predetermined amount of material to a cartridge.
Furthermore, since 1t 1s not necessary to newly replenish the
cartridge with the material during shaping, 1t 1s not necessary
to stop the operation of the three-dimensional laminating
and shaping apparatus, thereby shortening the shaping time.

Third Embodiment

A three-dimensional laminating and shaping apparatus
according to the third embodiment of the present invention
will be described with reference to FIG. 10. FIG. 10 1s a
view for explaining the arrangement of a material supplier of
the three-dimensional laminating and shaping apparatus
according to this embodiment. The three-dimensional lami-
nating and shaping apparatus according to this embodiment
1s different from those according to the first and second
embodiments 1n that a material conveyor 1s included. The
remaining components and operations are the same as those
in the first and second embodiments. Hence, the same
reference numerals denote the same components and opera-
tions, and a detailed description thereof will be omitted.

A material supplier 1031 includes a maternial conveyor
1001. The material conveyor 1001 can, for example, con-
tinuously supply a material 171 to a maternial storage 701 by
force feed or the like. Fven 1i, therefore, a three-dimensional
laminated and shaped object 180 requires a large amount of
the material 171, 1t 1s possible to continue shaping without
stopping the three-dimensional laminating and shaping
apparatus for replenishment of the material 171, thereby
shortening the shaping time.

According to this embodiment, since the material con-
veyor 1s provided 1n the maternial supplier, 1t 1s possible to
continuously convey the matenal to a cartridge, and shorten
the shaping time of the three-dimensional laminated and
shaped object.

Fourth Embodiment

A three-dimensional laminating and shaping apparatus
according to the fourth embodiment of the present invention
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will be described with reference to FIG. 11. FIG. 11 1s a view
for explaiming the arrangement of a three-dimensional lami-
nating and shaping apparatus according to this embodiment.
A three-dimensional laminating and shaping apparatus 1100
according to this embodiment 1s different from that accord-
ing to the first embodiment in that cartridges are replaceable.
The remaining components and operations are the same as
those 1n the first embodiment. Hence, the same reference
numerals denote the same components and operations, and
a detailed description thereotf will be omitted.

Cartridges 121, 122, 123, and 124 are held by a cartridge
holder 1125, and the cartridge holder 1125 1s attached to an
XY-direction rail 1164. The XY-direction rail 1164 drives
the cartridge holder 1125 1n the X and Y directions, that 1s,
two-dimensionally. The cartridges 121, 122, 123, and 124
are filled with different types of materials 171, 172, 173, and
174, respectively. Note that the cartridges 121, 122, 123, and
124 may be filled with the same type of matenial, or some
cartridges may be filled with the same type of material and

the remaining cartridges may be filled with different types of
materals.

The cartridges 121, 122, 123, and 124 are detachable from
the cartridge holder 1125. Note that the cartridges 121, 122,
123, and 124 may be detachable one by one, or detachable
as one set. Note that the number of cartridges 1s not limited
to four, and need only be two or more.

According to this embodiment, since the cartridges are
replaceable, the apparatus arrangement of the three-dimen-
sional laminating and shaping apparatus 1s very simple. If
replenishment of a material 1s necessary, the cartridge 1tself
1s replaced, and it 1s thus possible to largely shorten the
material replenishment time.

Other Embodiments

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

The present invention 1s applicable to a system including
a plurality of devices or a single apparatus. The present
invention 1s also applicable even when an information
processing program for implementing the functions of the
embodiments 1s supplied to the system or apparatus directly
or from a remote site. Hence, the present invention also
incorporates the program installed in a computer to 1imple-
ment the functions of the present invention by the computer,
a medium storing the program, and a WWW (World Wide
Web) server that causes a user to download the program.
Especially, the present invention incorporates at least a
non-transitory computer readable medium storing a program
that causes a computer to execute processing steps icluded
in the above-described embodiments.

The mnvention claimed 1s:
1. A three-dimensional laminating and shaping apparatus
comprising:

a shaping chamber 1n which a three-dimensional lami-
nated and shaped object 1s shaped;

at least two material spreaders that are provided 1n said
shaping chamber and spread materials of the three-
dimensional laminated and shaped object;

at least two material suppliers that supply the materials to
said material spreaders, said at least two material
suppliers being disposed outside of the shaping cham-
ber:
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a controller that controls movements of said material

spreaders and said material suppliers; and

a beam 1rradiator that 1rradiates the materials with a beam,

wherein said material spreaders and said material suppli-

ers are respectively paired, and
wherein said controller controls the movements of said
material spreaders and said material suppliers so that
cach of said material spreaders 1s supplied, at a prede-
termined timing, with the material from a paired one of
said material suppliers,
wherein each of said at least two material suppliers
includes a maternal storage and an intermediate material
storage provided 1n an exchange chamber downstream
of the maternial storage, wherein said material storage
and said exchange chamber are connected via a first
valve, and said exchange chamber and said shaping
chamber are connected via a second valve, and

wherein the three-dimensional laminating and shaping
apparatus further comprises:

(a) a valve controller that controls opening and closing of

each of the first valve and the second valve, and

(b) an atmosphere controller that controls an atmosphere

in each of the exchange chamber and the shaping
chamber.

2. The three-dimensional laminating and shaping appara-
tus according to claim 1, wherein said atmosphere controller
controls evacuation of gas from the exchange chamber.

3. The three-dimensional laminating and shaping appara-
tus according to claim 1, wherein said atmosphere controller
1s capable of controlling the atmosphere 1n said exchange
chamber and the atmosphere 1n said shaping chamber so that
they are the same.

4. The three-dimensional laminating and shaping appara-
tus according to claam 1, wherein one of said material
spreaders 1s configured and arranged for spreading a mate-
rial on a first region which will not be wrradiated with the
beam according to a spread plan, and a second of said
material spreaders 1s configured and arranged for spreading,
a material on a second region which will be 1rradiated with
the beam according to the spread plan.

5. The three-dimensional laminating and shaping appara-
tus according to claim 1, wherein the beam 1s selected from
the group consisting of an electron beam, a laser beam, and
an 1on beam.

6. The three-dimensional laminating and shaping appara-
tus according to claim 1, wherein the beam 1s selected from
the group consisting of a continuous beam and a pulse beam.
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7. A method for controlling the three-dimensional lami-
nating and shaping apparatus according to claim 1, the
method comprising the step of:

controlling the movements of the material spreaders so
that each of the material spreaders 1s supplied, at a
predetermined timing, with the material from a paired
one of the material suppliers.

8. A non-transitory computer readable medium storing a
program for controlling the three-dimensional laminating
and shaping apparatus according to claim 1, the control
program, when executed by at least one processor, perform-
ing a method comprising the step of:

controlling the movements of the matenal spreaders so
that each of the material spreaders 1s supplied, at a
predetermined timing, with the material from a paired
one of the material suppliers.

9. The three-dimensional laminating and shaping appara-

tus according to claim 1, further comprising

(a) first means, comprising a third valve, for regulating a
flow of a first gas 1into the material storage;

(b) second means, comprising a fourth valve, for regulat-
ing a flow of a second gas 1nto the exchange chamber;
and

(¢) third means, comprising an evacuation valve, for
regulating an evacuation of gas from the exchange
chamber:

wherein the material storage, the exchange chamber with
intermediate storage, the shaping chamber, the first and
second valves, the first, second and third means and the

evacuation valve are configured and arranged such that
(1) with the first and second valves closed and the third
and fourth valves open, the first and second gases are
insertable into the material storage and exchange cham-
ber respectively to bring respective atmospheres in the
material storage and exchange chamber into equilib-
rium; (1) with the first valve open, material stored 1n
the material storage passes to the intermediate material
storage 1n the exchange chamber; (111) with the first and
second valves closed and the evacuation valve open,
the second gas 1n the exchange chamber can be evacu-
ated to bring a degree of vacuum 1in the exchange
chamber into equilibrium with a degree of vacuum 1n
the shaping chamber; and (1v) with the second valve
open, material stored in the intermediate maternal stor-
age 1n the exchange chamber can pass to the shaping
chamber when the degree of vacuum 1n the exchange
chamber and 1n the shaping chamber has been brought
into equilibrium.
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